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ABSTRACT ' 

The concepts "more" and "less" were analyzed into two 
meaning dimensions, "existence" (derived from children's early 
language) and "quantity," which were hypothesized to be 
deyelopmentally related to acts of addition and subtraction. Two 
..experiments tested two- and three-year-olds ' comprehension of these 
concepts when initially equal or unequal rows were added to, 
subtracted from or left static. Addition and subtraction had little 
effect on Ss ' comprehension of either term. Ss understood "more" 
first when number characteristics of the array were relatively large, 
suggesting "many" as an intermediate stage of meaning for "more. " No 
evidence was found for "les£i" meaning "more," as others have claimed. 
Ss understood "less" later than "more," a difference attributed to 
the restricted use of "less" as "smaller in amount," (Author) 
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Abstract 



More and less were analyzed into two .meaning dimensions, "existence'* 
(derived from children's early language) and "quantity," which were. 
hypothesi2ed to be developmen tally related to acts of addition and subtrac- 
:tion. Two experiments tested two- and three-year-olds' comprehension of 
these concepts when initially equal or unequal rows were added to, subtracted 
from or left static. Addition and subttMtion had little effect on Ss' com- 



prehension of either term, _Ss understood more first when number character- 
istics of the array were relatively large, st^ggesting 'ii<iny'* as an inter- 
mediate stage of meaning for more , No evidence was found for less meaning 



more as others have claimed. Ss understood less later than more , a dif- 



ference attributed to the restricted use of less as 'smaller in amount , ' 




ON THE DEVELOPMENT OF MORE AND LESS , 

2 

Susan L. Weiner 
Columbia University 

Recent studies of semantic development, which attempt to describe 
children's acquisition of word meaning as the accumulation of semantic 
features or components, have primarily explored and derived their evidence 
from children's knowledge of relationships between words, especially between 
antonyinous pairs of words (e.g. , Anglin, 1970; ; E, Clark, 1971; H. H. Clark, 
1970; Donaldson & Wales , 1970) . While this paper exam, aes the development of 
a. pair of semantically related words , more and less , it ccncentrates on how 
in children's language these words map onto the perceptual world; By analyzing 
the nonlingulstic contexts in which young children produce and. comprehend 
particular words., it is hoped that the processes by which they acquire words 
and their meanings can be specified. 

An Analysis of the Various Uses and Meanings of More and Less 

For adults , more and less encode the relations 'greater iti amount' and 
'smaller in amount' respectively (hereafter called the "quantity" senses of 
these terms) and thereby provide a means for quantitativriy ordering any two 
entities. Children's use and comprehension of these terms thus suggest the 
development of an underlying ability to make simple. comparative judgments of - 
quantity. The ability to judge one entity as 'greater than' or 'less than' 
another seems basic to the kinds of judgments involved in more compKix con- 
cepts of quantity, such as those: based on unit measurement like number, 
weight, and volume. Investigators in : the past have used more and less to ' 



assess the acquisition of such concepts, especially in children four years 
and older (e.g. , Piaget, 1952; Sinclair de Zwart, 1969) . . In these studies, 
children are required to comprehend more and l^s£ when applied to ^ a 
objects which are of ten perceptually misleading. The present experiments 
used these terms to apply to perceptually simple arrays in an attempt to study 
two- and three-year-olds' elementary ability to make quantitative judgments , 

It has been observed that children younger than two years use more in 
ways different from the adult use as 'greater than. ' On the basis of the 
nonlinguistic contexts in which her S^s (12 to 23 months) used more. Bloom 
(1970, in press) inferred that children were expressing the notions (a) 
^recurrence'; of an object or event (after its intervening disappearance or 
cessation) and (b) 'another instance of ' an. already pre?^ it object ; an 
example of (a): Kathryn (mean length of utterance, MLU 1.32, age 21 months), 
looking at a picture of cereal after seeing the- same picture previously, said 
"more cereal*' (Bloom, 1970) ; an example of (b): at MLU 1.58, age 22 months, 
Gia saw two igloos on the page of a book, said, "igloo,"" pointed to the second 
one and said "more igloo" (Bloom, unpublished transcript). In both uses of 
more, children seem to be making underlying judgments about the perceptual 
and functional similarity of objects and events. 

Children's use of more to express 'recurrence' is acceptable in adult 
English (especially, when combined with another quantifier like some or any) 
and is synonymous with again . Children's use of more as 'another instance of, ' 
is intuitively unacceptable to adults: one cannot describe the second of two 
objects as "more," However, an examination of Bloom's published and unpub- 
lished data by the present investigator indicated that Ss used more -in 
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contexts of both a single other instance and a collection of many other 
instances. For example, Kathryn (at same MLU and age) said "more toy" as 
she went to a bag of toys after playing with a wire man (Bloom, 1970) , One 
cannot determine whether Ss distinguish these two uses since at this stage ■ 
they do not use plural inflections. The Sense of more as 'many other simi- 
lar instances ' is like the adult sense of 'additional';-^ for example, the 
sentence, Here is one rack of dresses, and there are more dresses over there , 
can be interpreted as being about the presence of other entities similar to 
an original set without necessarily implying, an ordered, 'greater than' ■ : . 
■.. relatioii. 

These senses of more, 'again' and 'additional,' describe features of 
the speech production of children during their second year. Because their 
psychological distinction is questionable (see Weiner, 1971) , these senses 
are designated here singly as the "existence" sense, "existence" because 
they convey notions of 'the presence and similarity of certain objects to 
other objects. Some investigators have claimed that children can, however, 
comprehend more in its"quantity" sense at two years, the age at which they 
seem to be producing the "existence" sense of more . 

. In a series of experiments designed to test 'notions of quantity, Mehler 
.and.Bev.er (1967) and Bever, Mehler and Epstein (1968) found that Ss at two 
years ;can . correctly judge which has"more," after one of two initially equal 
and aligned rows of : objects, has been both added to - and contracted.'^ The 
authors argued ; that S^s comprehended more as a "comparative" term, in the 
present , terminology in its . "quantity" sense. Beilin (1968) suggested that 
Mehler and .Bever's;^s responded to &'s act of addition as opposed, solely to 
the relative quantity of the rows after the action was completed. In .the 
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distinctions drawn here, \Ss might have comprehended more either in its 
"existence" sense (referring to the similar new objects brought into S^'s 
view by E) or its "quantity" sense (the final state of the roxvrs). \Ss also 
could have succeeded simply by choosing the row E changed, 

Beilin (1958) and Bever et al. (1968) attempted to test these al'teraatives 
Beilin found that \Ss (three to five years) responded to a question with l aore 
much better when they could observe an addition or subtraction transformation 
than when they judged only static unequal rows, Bever etal,, however, found 
that S^s (two to three years) were highly successful in responding to a question 
with more when shown. two static rows. If one examines Mehler and Beyer's., 
comparable data from 1967 and 1968, it appears that ; two-year-old are even 
more successful in comprehending more when applied to static vs. visibly 
transformed arrays, a finding contradictory to Beilin' s results* ■ It re'iiains 
unclear, therefore, whether children at; two years can comprehend more in its 
"quantity" sense and, more importantly , what the developmental relationship 
might be between the "existence" and "quantity" senses. 

While, there is as yet no evidence, it is at least logically possible that 
young children could acquire an "existence" sense of less , which is antonymous 
to that of more, before they acquire less in its "quantity" sense. An 
utterance less X could be appropriate in a situation where x is present and' 
some or all of x -is removed; then: less might refer to the removal of x. Thus 
a (nonarithmetio) 'subtr active' sense of less would be comparable to an 
'additional'; sense; of more (see footnote 3) . 

, . Unlike the' early frequent use of more , children do not use less v/hen 
they first begin to talk (see, for example, Bloom, 1970; Braine, 1963; Brown, 
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in press). Children have other words encoding conditions of removal, dis- 
appearance, and nonexistence, namely, no more and all gone , suggesting that 
the concepts -encoded by a hypothetical 'subtractlve ' sense of less are 
already available to the young child for less to develop in this way.' 

: Although comprehension of the "quantity sense of less has been frequently 
reported for children at about four years (e.g., Beilin, 1965; Sinclair de 
Zwart , 1969) , a strikingly different result has been reported by Donaldson 
and Balfour (1968), On the basis of a problematic experiment , Donaldson and . 
Balfour inferred that S^s 3-6 (three years, six months) to five years interpret 
■ less as if it meant more . This claim, however, is inconsistent with 'the 
fact that when S^s of this age first produce less , they do not confuse it 
with more (see Griff iths, Shantz & Siegel, 1967; . Sinclair de Zwart, 1969). 
Further, this claim becomes ambiguous in light of the distinctions made 
above: which sense (s) of more does less mean for children? The question 
. . romains how the development of legs 'compares with that of more, and if that 
' (rj/ development 'can be accounted for in the same hypothetical scheme as that 
for more . 

■ ■ ■:; • 

^'"^ J The proposed analysis of more and less can be summarized as two hypothet- 

ical meaning dimensions with both terms taking contrasting values on each 

('^^^ 

dimension. First , the "existence" dimension, derived primarily from children's 
early production of more , can be described in terms of contextual features. ■ More :; 
^ . can be characterized by the presence of . entities similar to an original or 

particular other entity in one 's 'immediate perceptual surrounds . A possible 
"existence" sense of less can be characterized by^ the absence of some entities • 
Second, on the "quantity" dimension (which need not be described as contextual 
contrasts , since its use by adults is not context bound) , more exprei^ses ; the , ^ 
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relation of two entities as 'greater in amount' or 'greater extension of 
quantity/ while less relates two entities as .'smaller in amount* or 'smaller 
extension of quantity..' 

Some Hypotheses on the Development of More and Less and Their Relation to 
the Pevelopmenr. of Quanti ty \^ 

The contexts in which children use more , as well as the . findings of 
Mahler, Bever, and Beilin suggest that acts of addition and subtraction may 
be critically related to children's developing comprehension of more and less . 
There are at least uhreeleyels to the argument that such a systematic relation 
exists, and Experiments I and II described below were designea to test these. 
: First, since children close to two years produce more in situations 

which can be construed as /'addition-like^' from the adult vantage point, one 
might expect ^s to comprehend more in its '^existence'/ sense better in an 
experimental context in which brings into view new objects like those 
present than one in which this cue is not available, as in a subtraction or 
Static contexts. Analogously, if children acquire an "existence" senise of 
•less , its comprehension might depend on the removal of instances^ which 
were present. Thus one would expect better comprehension of less in a 

context in which objects vTere subtracted than one in which they were either 

■ ■ .# 

added or left static. . 

: Second , acts of addition and subtraction may be the means by which 
children develop from the "existence" to the "quantity" senses. Children^ 
may eventually realize that the combination of new instances with those 
present forms a perceptually larger collection than either the original or 
the new instances alone. The ''existence" sense of more might develop into 



the "quuntity" sense by an understanding of the quantity-changing .properties 
of acts of addition. Analogously, aa "existence" sense of less might 
develop into the "quantity" sense by children's recognition that the • . 
removal, of objects changes the perceptual .dimensions of a collection , and / 
thereby changes its quantitative characteristics. 

Ecperiment II .as particularly designed to distinguish "existence" and 
'^quantity" comprehension by separating acts of addition and subtraction from 
their outcomes relative to a comparison row: half. the addition transforma- 
tions produced more objects relative to the comparison row and half produced 
less; half the subtraction transformations produced less relative to the 
comparison row and half produced more.. Ss could exhibit "existence" 
comprehension by choosing the row added to (for more questions) or subtracted 
from (for less ) regardless of what final quantitative relation obtained 
between the two rows". Further, if addition and subtraction were the means 
by which children develop "quantity" comprehension of more and less 
resp«3ctively , one. might /^.xpect in Experiment II a greater number of correct 
responses to more questions in the addition condition producing relatively 
more objects than either in the addition condition producing relacively 
fewer objects or in the static condition. Likewise, one would expect better 
"quantity" comprehension for less questions in the condition in which 
sub traction. produced relatively fewer objects than in either the static 
condition or in the condition in which subtraction produced more objects* ' 

. The :third and broadest level of the argument relating addition and: 
subtraction to children's comprehension of more and less concerns a possible 
facilitating effect these transformations may have on the development of the 
general ability to make quantitative comparisons. .One could speculate that 



acts of addition and subtraction could be "internalized" in Piagetian 
fashion to become cognitive operations , making any task easier in which 
Ss judged the relative quantity of objects in contexts where quantity^ 
changing transformations were observed as opposed to in static contexts; 
t'/hile there might be no differential effect of addition on the comprehension 
of more or subtraction on the comprehension of less, one might expect beV.ter 
performance across both transformation conditions as compared to the static 
conditions regardless \^f question asked. Experiments . I and II also compare 
the rates of development of children's comprehension of more and less > 

■■: ' ■.. „■■;■; Method' ■■■■■'>■; 

Before each experiment, \Ss were asked to point to each section of s 
two-part board to provide minimal;; ci:^surance that they understood the parts 
were to he contrasted. E also asked £s to name the toys or repeat _E's names 
if/S would not do so spontaneously . All ■S_s and their mothers were middle ' 
class, and their first language was English: S;s were seen individually in 
New York City either in play groups, their homes, or nursery schools. Each 
experimental session took 10 to 15 minutes. , 

Experiment lA and IB 

Subjects , Ss in lA were 16 boys and girls ranging in age from 2-1 to 

3-6 with mean age .2-7 _Ss in IB were 18 boys and girls from 3-5 to 3-11 with- 
mean age 3-9. 

: Apparatus . For both lA ana 'IB toys were arranged in rows on a board 
which stood at a- slight angle from the vertical. : The board was 13 inches x 

12 inches; the top 6 inches were blue, and the bottom 7 inches were yellow. 



Two one-inch shelves 6 inches apart were nailed on horizontally. Toys used 
on each trial were either identical small blue dolls or red checkers. 

^, Design* There were three transformation conditions: addition - (producing 
more relative to the comparison row), subtraction (producing less relative to 
the comparison row), and a static inequality. The numbers of toys and the 
effects of the transformations are shown in Table 1. S^s were asked two 

Insert Table 1 about here 

questions, /'I^icli part has more and "Which part has less _?", making six 

unique problems: three transformation conditions with two possible questions. 
In lA, each received . 24'i:rials, four of each type of problem. Eight S^s 
were given, all more problems on the first day and all less problems on the 
second day. of testing; eight £s were given the reverse order. Six schedules 
varied the order of 12 problems. In IB, S_s were given all 24. problems in a ' 
single session. Six schedules varied the 24 problems. All schedules were 
randomly assigned to Ss, 

Procedure . ;S^s were told that .would place the toys on the board and 
that they had to tell about them. For -each trial, the' toys were arranged 
on the board out of S^s' view in visual one-to-cne correspondence. continued, 
"See how many we Vve got? Watch me do this to the . " E^ performed the 
transformation J then asked the question with more "■ or less . Ss ' . task was to 
point to one part of the board in response to E_'s question. 

Experiment IIA and IIB 

Subjects , ^s in Experiment IIA were 16 boys and girls from. 2-1 to 3-2 

with: mean age. 2-8, vSs _ in IIB were 36. boys, and girls from 3-0, to 4-4 with 
mean age 3-6. 



Apparatus. The board used in Exppr-f m^nr tta'tj^q l-fkp that of Experiment 
I but was 7 inches X i2 inches. The toys used on each trial were either 
identical small red spacemen or red toy candles. The board and toys for IIB 
were those used for Experiment I. 

Design. There were 'five transfprmation conditions: two addition, two 
subtraction, and one static. One addition transformation produced more ' 
objects relative to the comparison row ("addition produces more") ; the other 
addition transformation produced less relative to the comparison row. 
("addition produces less"). One subtraction transformation produced less 
relative to the comparison row ("sub traction produces less") ; the other : 
subtraction transformation produced more relative to the comparison row • 
("subtraction produces more"). The numbers of toys and the effects of the ■ 
transformations are shown in Table 1. For each toy condition, was asked - 
either "Which part has more_^?" or "Which part has less_ ?", making 10 
unique problems: five transformation conditions with two possible questions. 
Each S received 20 trials, two of each type of problem. S^s in IIA received 
10 trials (one of each type) on two separate days. Ss inllB received all 20 
trials in a single session. Ten schedules varied the problems and were 
randomly assigned to Ss. 

Procedure . The procedure was the same as that for Experiment I, Toys ' 
were arranged in one-to-one correspondence with the left endpoints of the 
rows aligned, 

:- ■ . • ■ :ReSUltS ^ ■-. 

The data^: from Experiments I and II appear in Table 2. S^s* performance in 
the transformation conditions averaged as compared to the static conditions 



for either mor cions was not different for either experiment 

or age group , isons were done by a Wilcoxon n., -hed-pairs 

signed-ranks test unless otherwise noted). Because predictions were made ; 
about the specif ic effects of ^addition on the comprehension of more and 
subtraction on the comprehension of less , these data are examined separately. 

Insert Table 2 about here 



Results; for More 

It: was argued that if children learned the ^^quantity" sense of more 
from the 'Vexistence'V sense by an understanding of acts of addition, they 
would show better performance when addition produces more than In other 
conditions. Table 2 shows no difference for more questions between the 
iaddition condition and either the static or subtraction condition in 
Experiment IB. There was also no difference between the addition condition 
producing more and either the addition condition producing less or the ; 
static condition for Experiment IIA or IIB. (Because:of an unusual inter- 
action, Experiment lA is discussed separately below. ) 

It was also suggested that the act of bringing into S^sV view objects 
like those present might be a critical cue for S^s' "existence" comprehension 
of more . However, Ss in Experiment IIA and IIB did not choose the row added 
to significantly more often than the row subtracted from for more questions 
(in Experiment IIA, 53% choices vs. 62% choices; in llB, 52% vs. 48% cho.iceO 
: S^s three to ifour years (Experiments IB and IIB) were highly successful 
in interpreting the "quantity*' sense of -more in each condition. S^s two to 
three years > however, responded at chance level , .5 , in each condition in 



■12- 



Exper iment lA (by a t tes t ) and : in each condi tion , excep t one in Experiment, ' ' 
, IIA, viz.,: in the subtraction condition producing more (£< .01 by x^). ' 

This large difference between the age groups, suggested I that Ss intermediate 
■ in age (closer; to three years) might be more sensitive to the effects 6f - 

addition on the comprehension of more . Table ; 3 shows this was not so for / 
: Ss in Experiment IIB. ^s in Experiment IIA, however, tended to do better?' j:; 
: on both the addition condition producing less and the subtraction condition 

producing more, although in neither case significantly better than the h, : ..^ 
■ ■ -static' condition.'' ' , ' '■;.;v;'v'- '^V-^^- ^ : ■ v^' }'^^-"^^^^^^^^^ \ 

■■^Insert ■■Table: 3>iabout^;here. ''r'^r 

These trends of Ss around three years , along with the group finding in 
Experiment IIA that the subtraction condition producing more was the only ^ ■ ' 
condition significantly better than chance,: suggest that som 
of these conditions enabled comprehension of. ''quantity'' more more easily^ 
than in pother conditions. The addition condition producing le 
./subtraction condition producing more diff ered; from the other ^^^:t transforma- ; ; 

:tion; conditions only in their initial number difference' of f ive objects ; the - 
. initial difference in the other: two trangformation^conditions was one object ■ 
(see Table 1) .Further, in the addition condition producing less, one shelf ! 

initially had one toy; in the subtraction condition producing more, one shelf • 

had ulne toys , taking up the entire ; space". ' ; ' 
/ Table 3 shows that the: percentage correct for more questions in the 

addition condition producing less for Ss close to three years in Experiment IIA 

is high compared with the group mean, 56% , indicating that Ss younger than ; 

this did considerably worse. Incorrect performance on this condi^ion by Ss 
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closer to two years means that they are choosing the row added to regardless 
of its comparative outcome; that i'? , they seem-to be interpreting more 
questio*^ an ^'existenceV' sense. The data of these seven youngest S_s ' 

(ages ^"-1 2-9) also show a large though not significant difference in 
the percentage of times they chose the row added to, as opposed to the row 
subtracted from for more questions (68% vs. 39% choices) suggesting further 
that the cue of addition might have elicited '^existence'V comprehension of 
more . : - ... , , ■■■■■^ ., 

Experiment I A showed a somewhat different pattern of results for both : 
more and less questions . There appears to be in this experiment; a negative 
effect on S^s' comprehension of the transformation opposite to the one 
usually associated with a term (see Table 2) . For more questions, Ss did 
'worse in the subtraction condition than in eithr^r the addition or static 
condition, although the only significant comparison is between the addition: ^ 
and subtraction conditions with nonchoice responses excluded from the data 
(£ < .05) .: For less questions, ^s did worse on the addition condition than 
on -the subtraction condition (^ < ,02). :Further, S_s performed at chance.: 
for less questions, in the subtraction and static conditions and worse than 
chance in the addition condition (£ < . 02 by a t_ test). A possible - 
explanation of this negative effect is presented in the discussion. 

Results fo. Less, ' 

It was hypothesized that S^s might develop the "quantity!' sense of less , 
first by learning that subtraction decreases quantity. However, £s '"quantity" 
comprehension of less questions was no better in subtraction than in static 
conditions in Experiment I A or IB; Further, in Experiment IIA and IIB, 



Ss^ "quantity" comprehension of less was not better in the subtraction 
condition producing less than the subtraction condition producing more or 
the static condition. 

In Experiment IIA and ITB, S_s could have demonstrated a possible ' 
..vistence" unders tandiug of less apart from "quantity" understanding by 
choosing the row" subtracted from, regardless of its outcome relative to 
the comparison row. S^s , however , did not show this : (in Experiment IIA, 
52% ; choices for the row subtracted from vs. 56% for the row added; to; in 
Experiment IIB, 54% choices vs / 52%) . 

S_s in Experiment IIA comprehended less questions at chance level in 

every condition (by X ) > ^nd better than chance -in every condition in llB ; 

;• „■'■■■■"■■■' ■. ^"2"^'-'' ■ ■■. \. ■ ' .^-'V . ' ' ■ '." ■ ^ ■ ■ ■ ' " 

(£ < .01 by X )• When the data for S^s about three years were separated 

from the group data (see Table 3) , :th,e pattern of responses for "existence" 

and "quantity" comprehension; was the same as that of the group. 

Sjs did not understand less to mean more— either in its "existence" or- 

■'quantity" senses. If had under s to od les & as an "existence" sense of ; i 

more based on addition (as McNeill y 1970 , sugges t ed ) , they would have chosen 

the row added to more often than the row subtracted from, which they did not 

do (see percentages for Experiment IIA and IIB above) If _Ss had understood 

less as the ;"quantity" sense of more , they would have chosen the row with 

more objects , resulting in worse than chance performance for less questions 

in every condition. The tendency to perform worse than chance for less . 

occurred only in the addition condition in Experiment lA, where a comparable 

tendency to do worse than chance in the subtraction condition for more also- 

:-occurred>. y \' 



; In both experiments, however, at least one ^ responded to less questions 
by pointing to the row with more objects on N or N - 1 trials. The propor- 
tion of such Ss was 1/16 in Experiment la, 6/18 in IB, 1/16 an Ila, and 3/36 
in. IIB. The fact that the proportion was highest in Experiment IB, the 
oldest gioup tested, suggests that this tendency may haye. reflected four- 
ye;n^--old S^s^ preference for or perceived salience of longer rows (see Piaget, 
1968) rather than their comprehension of less as Vguantity^V more . - In fact, 
these same S^s were observed during the experiment to tend to point to the 
longer row before E asked the question with more or less , suggesting that 
they may have thought this was their task. 

' \ Tlxere was also a tendency for S^s in Experiments lA and IIA to point to 
the longer row for less questions when more questions were experienced on 
the first of, the two' sessions, while no comparable order effect was found . 
for more, ; In Experiment ;IA, when all more questions were given on 'the first , 
■■d--^T and all' less questions on a second day ,_Ss; chose the longer row for less - 
questions significantly more often than when the opposite order of questions 
was given (70% choices for day two vs, 66% for day one (£ < ,01 by x^). 
In Experiment IIA, .where both more and : less questions were given in each 
session, Ss chose: the longer row for, less on the first day more often than on 
the second day (61% choices for day one vs, 4l% for day two, £ < .01 by a 
Wilcoxon test). Donaldson^ and Balfour's (1968) claim that S^s interpreted 
less as more was based on an experiment in which all more questions were 
given on the first day, and all less questions on a second day. The effects 
found particularly in Experiment I suggest; that their finding might be largely 
attributable to this order effect. 



. ' , . - . -16- , ■ ' •„••••, 

■ Experiments lA, IB, IIA, and IIB, together indicate th^ overall 
comprehension of "quantity"- more develops earlier than their : comprehension 
of "quantity" less. In each experiment, more was understood better than 
less, although this difference was significant only for the older Ss 
(jD < . 001 by 1 test for both Experiments IB and IIB) . 

'v 'Discussion :■; 

; W^^ and subtraction had some effect on ;Ss' comprehension, : 

the results showed; little/consistent facilitating effect that would :be^^,^^^^^: 
expected if these transformations were the critical factors in the develop- 
ment of -children 's senses of more and, lesg . The results , however ^ provide 
new clues about how the ■ 'existence" and "quantity" senses^^ be 
related, about the development of 'less its^^^ more , and- ' 

finally: about children' s early ^cognitive ability' to make quantitatiye 
■comparisons^ ;■ ; . .. ■ ■ :. ' ' ', .■ . 'i-'" ■■■ 

On the Development of More 

. The fact that E -s question with more , occurring after; the act of addi- 
tion was not sufficient to elicit "existence" comprehension; cannot be ^ ■ 
interpreted as evidence for /Ss' not having a sense of more of the type I 
■ described by Bloomi (1970 in press) ; Rather ,^ it only indicates that the 
experimental context did not elicit It. ' One possible reason why the' *' ; 
experiments failed to do so was provided by informal . testing after Experi- 
ments lA and IIA. E made, two different sized groups of toys, and asked . 
questions such as ^ "Show me/ .Where; are there more : ?" ; js responded by ' ^ 
picking up one toy from a pile or from, another source , and saying , "i 
^'raore_y'' or by peering into the bag of toys, and saying "more_^." Thus / 



' ■. . - - ■ ■■■■■■ -11- ■ , 

the "existence" sense appeared to be in active use by at least some Ss 
betvjeen two and three years. Further, _Ss * responses suggest that adequate 
spatial separation of one instance might be necessary for children us.- 
or comprehension of "existence" more. In the u^iiK , nts, L. .always added 
more than one object so as to form the perceptual unit of a row, and E's 
question/was about the rows.; If "existence" more depends on the spatial : 
separation of - a single instance, then the experimental procedure^ did not 
provide the right cues. 

. Because Ss' observing- an act of addition did not facilitate "quantity" 
comprehension of more, addition cannot be the developmental link between 
the "existence" and "quantity" senses. However, S^s in Experiment IIA were 
sensitive to the number characteristics of the arrays , suggesting an 
alternative way in which the two senses might be related. 

-Children may develop an intermediate stage of meaning for more in which 
this term might mean 'a lot , ' 'many, ' 'much, ' 'being great in extent .'This 
"intermediate'V sense might be like the "existence" sense : in that it would 
apply , only to present, similar objects as compared to original objects, ^' 
but , it/ might differ in that it would apply to collections rather than to 
single .objects. : "Intermediate" more would also express an "implicit" : . ; 
quantitative relation ("implicit" in the same sense that an adj ective, like : 
tall , has an "implicit" relation to some standard or average) but might differ 
from the ^quantity" sense in that the former would noti apply to all quanti- ; 
tative relations of 'greater in amount ' ; its range of application' might 'be 
limited, for example, by,: some : perceptually optimal range of quantitative 
(number) differences: between sets of objects. Thus a tentative sequence for 
the development of more (and by implication for the development of quantity as 



well) might be: (a) ''existence,'' applying to single objects, (b) 
mediate,'' applying; to collections w dafined r. i*^- 

^^-^ "quantity," the tmivern l \^ ,,^able relation. 

On- the Development of Less 

The clear^t result about less is that children comprehend it later 
than mors.., a f^t which suggests that its pattern of acquisition is dif- 
ferent f^om thait of more . Some discussions :of these t ems (e.g ;y^H 
, Clark, 157®; Huttenloch 

analyses of the linguistic relations; between them to^^a for; findings 

related^ to this; one > Theses d 
more complex thaai . jtiOTe , and i 

. in its use and cGMaprehensi^ presumed to be more complex than those : ■ ■ 

for more . ■ ..^ -^^.r ^ [■.. _ . ,_„.■,■ 

The accounts- of the initiative , 1^^ 
of less: do not . jGCOvideL adenjuate explanations of how :lt ; develops y since they ■ 
lead tD predictiii(ms which uare;m data; First, 

.H. H. Clark (1970) and McNeill (1970) . specif ically argued that because 
marked adjectives :in: an vaiitonymous pair '' ; 
-unmarked' counterparts , onei^might expect , as Donaldson and Balfour found, 
that children would confuse less (the marked) with more (the unmarked). ' 
The:- present dafca>„ however , shox«: that children do > no t confuse ! less either^ 
with a sense of ompre , based ion tSte addition of objects or with the sense of 
more .as ' greater in; amount . ' Here is also no evidence for Clark's proposal 
that less may firstrmean ^some.' Second, Hut tenlocher and Higgins 41971)/ 
sugges'ted that moige -and less used as adverbs in coniparative adjectival' 
(CfOnstructlaas desigjEnate "addit^n" and "subtraction" /respectively . Notions 



of resulting 'presence. they continued , are psychologically easier than 
notions of /absence, V Subtraction and addition did not differ in dif- 
ficulty in the present experiments; thus. the developmental difference be- 
tween more and less cannot be expl greater 
difficulty of subtraction. This need not imply that more and less for 
children or adults do not involve notions of 'presence' or 'absence' 
respectively without associated .''mental acts'^ of addition and . subtract ioni 
or Xhat,' absence', is not. somehow a more difficult notion than 'presence. '^ 

While children's first uses of more encode a variety of simple, sen- . 
sory-mo tor notions which are also expressed by adults , the evidence thus far , 
indicates that for adults and children less encodes only the quantitative • 
relation -'smaller in amount ,'v a more sophisticated notion than; that expressed 
by the "existence" sense of more .: Indeed if less encodes only a quantitative 
relation, while more encodes cognitively simpler notions as well, one would 
expect children, not only to use and understand less later than more, but to 
do so, at a time when they can express other elementary quantitative relations . 
Because of its restricted application, adults may use less relatively in- ' 
frequently, a possibility in itself : causing less to be acquired later than more 

The evidence. Indicates that the "quantity." sense of more has some ; 
dominant function in the development of the ability to make quantitative' 
comparisons. The fact that S^s (especially those close to four years) showed 
some, preference for the longer row is -reminiscent of Piaget's (1952, 1968) : 
observation : that :^s of four years choose the longer tow in number conservation : 
tasks, even; though it may have fewer objects* ^ The importance of this 
psychological fact about the perception of quantity and the comprehension of 
more suggests -that children' s^. a of less may depend on their 



understanding of how "quantity" more applies to objects. The data in- 
dicate that ^s who understood "quantity'V more did not yet know its 
logically "converse property , that the other set is necessarily - smaller 
in amount^ than the set judged 'greater -in auiOuntV (an observation also ' 
made by Beilin, 1964, and Donaldson ; and Balfour, 1968). Less may first be 
learned as applying to that "other" or "second" set of objects to which the;"' 
"quantity" sense of more does not apply; it may first be acquired as the 
■•perceptual converse" of "quantity" more , ' ; . 

The Results: of Experiment I 

■ . . Because Experiment I showed a negative effect of the transformations 
on S^s' comprehension not evident in the other experiments, _Ss must have 
had some "association" between addition with more and subtraction with less . 
to, have responded systematically when either term was paired with the 
opposite transformation. ContrastingvSs V task in the two experiments 
provides clues to the reasons for this effect. 

The transformation conditions of Experiment I presented ^s first with, 
two equal .rows in' one-to-one correspondence. Any transformation of one row 
has ; particular salience beca^ise' it destroys the symmetry of the array. The' 
initial symmetry : might have caused _Ss to treat the row which E^* did not change 
as a "mnemonic" or indicator of the initial state, : against which the altered; 
row could be. contrasted . The transformed :row in such an array was always 
the "different": one (either shorter or longer) as compared to the .original : 
arrangement . Given that S^s had a strong enough association of ; a term . with; 
its riespective transformation to cause - confusion whenirthe; pairings were 
crossed,- S^s might have adopted a "best guess" strategy: when in doubt., 
choose tihe "different" row. 



Experiment II did not provide young S_s with the opportunity for manifes 
such a "best, guess'' strategy. In Experiment I, two-thirds of the trials 
began with an initially equal .and symmetric: array.. In. Experiment II , 
initially unequal, asymmetric rows were presented on every trial; each trial 
also began withv a different number combination. Because the rows were 
asymmetric in both the initial and final states in Experiment II , there 
was: no perceptual "mnemonic" to aid S^s : in remembering which row was trans-: 
formed. Without a "different" row to choose, S^s' hypothesized confusion 
between term and transformation might result in random choices, as was - 
found in Experiment ;IIA. 

The Development of the Cognitive" Ability to Make Quantitative Comparisons 

; The argument that both addition and subtraction transformations might ; 
aid the .acquisition of the general cognitive ability , to make quantitative-: 
comparisons received no, support from the data. It must be noted that this 
result, is discrepant with Beilin^s (1968) finding. There is in fact no 
substantive: evidence: in the experiments that .£s understood the quantity-/ 
changing properties of addition and subtraction, although the data show . 
effects- of the initial state of the rows :: (^ the transforma- 

tions (Experiment: I) , and the final states (both experiments ) :^^^^^:^' ' 

, Other evidence suggests that ^s just learning to- make quantitative com- 
■ parisons can do so under static conditions . : On a :third day of testing , 10 • S^s 
randomly chosen from Experiment lA and . 14 \Ss from::Experiment :IIA whoj did not 
get: 75% of all problems correct were presented with only static unequal rows 
of toys for 12 trials. ^Ss V task was to choose one row for .themselves or for : 
_Ei (the assumption was that:;^s would want to keep more a give away less) . £i 



were: more successful in this task than they were overall in Experiments lA 
and IIA, which included transformations (for S_s from Experiment lA, 43% ; 
correct vs. 6A%, £ < ..01; for _Ss from Experiment IIA, 52% correct vs." 66%, 
2 < ,05) • These differences also lend support to Piaget's (1967) hypothesis 
that the development of cognitive structures precedes the development of ■ 
associated linguistic structures. 

, It appears, however, that children at first may be able to make such 
"nonlinguistic" quantitative judgments in one direction only .The percentage 
correct in the "keep" and "away" task is not different from the percentage- 
correct for more questions alone f or _Ss in Experiment IIA (66% vs , 64%) . 
Because "keep" and "away" instructions do not specify the direction: of the - : 
comparison as more and less do , . Ss could have succeeded on :the basis of the - 
same underlying cognitive ability allowing : the comprehension of the ' 
"quantity'^ sense of more. Ss ; could have, merely decided which row had the 
greater quantity and have given E, the other row without ever judging that 
JE ' s row was smaller in amount . ^ ' If ^ this is sov the development of the 
linguistic ability to understand "quantity'': more , and the relative difficulty 
of i understanding less , could be considered a; direct result of the cognitive ,.v 
nonlinguistic factors enabling the development of simple quantitative , r ' ^ 
relational judgments . r The continued exploration of the kinds of j udgmentS: ■ 
involved-in children's use and interpretation of words will perhaps prove 
most productive in describing and ^ explaining their development/ 
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Footnotes * 

"''This paper was based on a dissertation submitted to Columbia University 
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Philosophy. The research was supported by the National Institute of Health 
Research Grant HD03215 to Janellen Huttenlocher . The author thanks 
Lois Bloom for making her data generously available. 

2 

Now at Educational Testing Service. 

Additional is used here technically in the. sense of 'extra, ' 'other' or 
'further.' It is to be distinguished from the 'arithmetic' sense of additional 
which conveys a quantitative comparison. 'Arithmetic' additional applies ; 
specifically when a second quantity, the addend, is combined with an original 
quantity, the augend, to form a sum necr'gsarily greater in amount than 
either. The "additional" amount then serves to produce a quantity greater 
than the original or itself, thus implying a quantitatively ordered relation. 

'^Mehler and Bever's (1967) experiments resulted in several replication 
attempts, some of which succeeded at least partially (Calhoun, 1971; 
Rothenberg fit Courtney, 1968) and some of which failed (Achenbach, 1969; 
Hayes, 1969). 

"^Although in adult American English it is usually unacceptable to use 
less for discrete quantities, the present use of less in this way is based : 
■on the' assumptions that children learn less before the acceptable, term fewer , 
and that use and comprehension of fewer develops out of the more, general : 
notion of less. Other American studies: using less with: children in /this way r 
have had no resulting problem (e.g., Beilin, 1965; Griffiths, Shantz, & • 
Siegel, 1967; Kennedy, 1970). 
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S^s did not always respond by choosing one part of the board. Such 
"nonchoice'' responses (e.g., pointing to both parts, talking about somet . ng 
else) can be counted as -rrors or can be excluded from the data calculat-ions^ 
and thereby inflate the; percent correct . All nests and comparisons are 
reported for nonchoice responses counted as errors. The results also hold 
when nonchoice responses are excluded unless otherwise cited. 
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Table 1 

Conditions in Experiments I and II 
Transformation Type Numbers of Toys 



Experiment I Experiment II 



Addition Produces More 


A 


4 


4 






A 




4 + 2 


= 6 


3 


+ 


3 


r: 6 


Addition Produces Less 






6 






6 








1 


+ 


3 


= 4 


Subtraction Produces Less 


,4 


4 


6 






6 




4-2 


= 2 


7 




3 


= 4 

r , ■ 


Subtraction Produces More 






4 






. 4 








9 




3 


= 6 


Static 




6 • • 








6 






'4 








A 
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Table 2 

F^^rcentag'S of Correct Responses for Experiments I and II 

lic:ms f oinmsx i o n ^ Experiments 

Condl-Sion I la II 



Moxe Question 



+ Produces More 


52 (57) 


99 


(99) 


62 


(62) 


86 


(86) 


4* Produces Less 








56 


(56) 


83 


(84) 


- Produces . Less 


33 (36) 


96 


(96) 


59 


(59) 


86 


(87) 


- Produces More 








8A 


(84) 


82 


(83) 


Static 


A7 (57) 


94. 


(9A) 


56 


(58) 


83 


(84) 


Less Question 
















+ Produces More 


31 (33) 


47 


(A7) 


A7 


(48) . 


,61 


(61) 


+ Produces Less 








59 


(59), 


65 


■(65) 


- Produces Lass 


55 (61) 


53 


(53) 


50 


(50) 


71 


(72) 


- Produces More 








A 7 


(47) 


64 


(65) 


Static 


41 (46) 


49 


(49) 


4A 


(45) 


•69 


(70) 


Note — Numbers 


in parentheses 


are 


calculated 


with nonchoice 


respo 



excluded from the data. 



Ila 



^"+" means "addition"; "-"means "subtraction." 
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Table 3 

Percentage of Correct Responses for _Ss Closest to Three Years in 

Experiments IIA and IIB 



Transformation 
Condition 



Experiments 



IIA 



IIB 



More Question 






+ Produces More 


61 


85 


+ Produces Less 


• 78 . 


85 


- Produces Less 


61 


; 85 


- Produces More 


87 


95 


Static 


61 


80 


' Less Question 






+ Produces More 




40 


+ Produces Less 


61; • 


50 


- Produces Less 


50 


60 


- Produces More 


■ 56, ; 


55 ■-. , 


Static ' 


50 : 


;■ 65./- 



Note—Proportions in this table were not affected when nonchoice 
responses were excluded from the calculations. 

.N= 9; ages ranged from 2-10-to 3-2 with mean age 2-11. 

N : = 10; ages !ranged from 3-0 to 3-3 with mean age 3-2. ;^^ ; 



